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RESULTS OF AN INVESTIGATION TO VERIFY SHUTTLE ORBITER
VEHICLE 102 AERO CHARACTERISTICS UTILIZING AN .05-SCALE
HI-FIDELITY REMOTE CONTROL MODEL (39-0) IN THE AMES
RESEARCH CENTER UNITARY WIND TUNNEL (OA145B)

by

R. H. Mulfinger, Rockwell Internationmal STS D&P Division
ABSTRACT

This report documents the data obtained in wind tunnel test @$A145B,
part of a transonic verification test program (@A145A, B, C) conducted in
the Ames unitary plan tunnel. Data from tests @A145A and C are documented in
DMS-DR-2380 and DMS-DR-2389, respectively. The objective of this test ser-
ies was to verify orbiter vehicle 102 aerodynamic characteristics with re-
gard to:

1. Basic stability and control over the structural design envelope

2. Fine cut stability and control characteristics along a nominal
entry trajectory

3. Control surface hinge moments

4. Reynolds number effects on stability and control, control surface
effectiveness and hinge moments

5. Certain hysteresis and control surface interactions observed on
other smaller scale model tests

6. Proposed inboard/outboard elevon interaction math model
Testing was conducted over a Mach number range 0.4 to 3.5 with Reynolds
number variations between 3.0 x 10® and 9 x 106 per foot for subsonic/tran-

sonic tests and 1.0 x 10® to 4.5 x 10% per foot for supersonic tests. The

iii



ABSTRACT (Concluded)

test program included investigations to evaluate model blockage, reflected
shock and flow angularity effects in the 11 ft. and 9 x 7 tunnels. Mach
ramps were run in the 11 ft. tunnel to help establish data validity near

Mach 1.0. Control surface hinge moments were obtained from the integra-

tion of measured pressure data on all control surfaces.
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INTRODUCTION

An experimental investigation was performed to determine aerodynamic
stability and control characteristics and control surface hinge moments
on the OV102 configuration. The test article was an 0.05-scale represen-
tation of the SSV orbiter configuration (model 39-0). Tests were performed
in the NASA/ARC Unitary Plan Wind Tunnel. Nominal test conditions are
given in Table I.

Six-component force data were measured on the complete model using
the ARC 4-inch Task MKIVA balance sting mounted through the rear of.the
model. The model had a total of 280 pressure taps located as shown in
Figures 2c¢ through 2h. Control surface pressures were measured on the
left hand elevon panels, the body flap and speed brake. These pressures
were also integrated to obtain control surface hinge moments.

With the tunnel flowing, data were recorded through an angle-of-
attack range from -10° to +30° and an angle of sideslip range from -10°
to +10°.

Control surfaces remotely actuated from the control room were: All
four elevon panels, the body flap, and the rudder. Speed brake deflec~
tions were set manually using a pin indexing system on the rudder shaft.

The report consists of 3 volumes, 1 volume of plotted force data
and plotted pressure data, 1 volume of tabulated force data, 1 volume
of tabulated pressure data on microfiche. The volumes are arfanged in

the following manner;



VOLUME
NUMBER

INTRODUCTION (Concluded)

CONTENTS
0al45B PLOTTED FORCE DATA
OAl145A TABULATED FORCE DATA
OA145B TABULATED PRESSURE DATA
INBOARD ELEVON LOWER SURFACE
OUTBOARD ELEVON LOWER SURFACE
INBOARD ELEVON UPPER SURFACE
OUTBOARD ELEVON UPPER SURFACE
INBOARD FLIPPER DOOR UPPER SURFACE
OUTBOARD FLIPPER DOOR UPPER SURFACE
BODY FLAP UPPER SURFACE
BODY FLAP LOWER SURFACE
RUDDER OUTER SURFACE
RUDDER INNER SURFACE
ORBITER BASE
STING LOWER SURFACE

STING UPPER SURFACE
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MICROFICHE

PAGE NO.

1-8

8-14

15-29

29-44

45-50

50-55

55-60

61-66

66-72

72-78

78-80

80-82

82-83




NMENCLATURE

PLOT
SYMBOL MNEMONIC DEFINITION
a speed of sound; m/sec,ft/sec
Apy fuselage base area assigned to pressure tap K, ft.2
Ao fuselage base sting cavity area, £t.2
Ay upper control surface area assigned to pressure
tap 1, in.2
AJ lower contgol surface area assigned to pressure
tap J, in.
Ay speed brake outer surface area assigned to
pressure tap m, in.
speed brake inner surface ares assigned to
pressure tap n, in.
b, Wind reference span, in. Used to nondimensionslize
yaving and rolling moments.
Ca CA axial-force coefficient; §§1§l§£2£gs
q
Cay CAB base-force coefficient; basesfogce -Ab(pb-pw)/qs
q
Cac CAC Sting cavity axial force coefficient. Sting
cavity pressure is adjus :d to an average base
pressure.
Cap CAF forebody axial force coefficient, Cp - Cap
Cau axial force coefficient, unadjusted
Cpp body flap reference chord length, in.
Cp CD drag coefficient; EE%E
9
Cpy, CDB base-drag coefficient; HE§§§§£EE
CDf CDF forebody drag coefficient; Cp - CDb

21



NOMENCLATURE (Continued)

PLOT
SYMBOL MNEMONIC DEFINITION
CE elevon reference chord length, in.
Crp flipper door reference chord length, in.
chBF CHBF body flap hinge moment coefficient
ChE& CHEI inboard elevon hinge moment coefficient
ChEO CHEO outboard elevon hinge moment coefficient
chFDI CHFDI inboard flipper door hinge moment coefficient i
|
chFDO CHFDO outboard flipper door hinge moment coefficient &
chSB CHSB speed brake hinge moment coefficient
Cy, CL 1ift coefficient; ligt
9

Cy CBL rolling-moment coefficient; ;olliggbmoment
Cp CIM pitching-moment coefficient; pitching moment

95/ reF
C, CYN yawing-moment coefficient; yawing moment

aQSb
Cx CN normal-force coefficient; normaégforce
Cp Cp pressure coefficient; (py - p.)/a
oy wing reference MAC, in.
Cy cY side-force coefficient; Eiésagszss
S AILRON Aileron deflection. Positive when L.H. elevon is

more trailing edge down than R.,H. elevon, degrees.

8gF,8hf  BDFLAP Body flap deflection. Positive trailing edge
down, degrees.
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| FOMBICLATURE (Contimued)

PLOT
SYMBOL MNEMONIC DEFINITION
Se ELEVON Elevon deflection, average of the four individual
panel deflections. Positive trailing edge down,
degrees.
SeL1,¢ ELV-LI,# inboard and outboard L.H. elevon deflections, degrees
DELL DELL differential 2levon setting, left side, outboard-
inboard, degrees
DELR DELR differential elevon setting, right side, outboard-
inboard, degrees
Sepr ¢ ELV-RI,# inboard and outboard R.H. elevon deflections, degrees
H
Sr RUDDER Rudder deflection in a water plane. Positive
trailing edge left, degrees.
DRHL DRHL Rudder deflection normal to the hinge line.
Positive trailing edge left; degrees.
8SB SPDBRK Speed brake deflection. Angle between the inside
faces of the left and right panels, always positive,
degrees.
Hopp body flap hinge moment, in-lbs
HpET inboard clevcn hinge moment, in-lbs
Hyro outboard elevon hinge momenc, in-1lbs
Hu¥FpI inkoard flipper dbor hinge moment, in.lbs
. Hy¥po outboard flipper door ninge moment, in.lbs
Bysp speed brake hinge moment, in-lbs
1B orbiter body reference length, in.
L/D L/D lift-to-drag ratio; C/Cp
L/De L/DF 1ift-to-forebody drvag ratio; CL/CDf
M MACH Mach number; V/u
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NOMENCLATURE (Continued)

PLOT

SYMBOL MNEMONIC  DEFINITIGN

P pressure; N/m?, psf

Pi.5,m,n control surface static pressure corresponding to
tap i, j, m or n, psfa

Py P freestream static pressure psfa

q Q(PSF) dynam:c pressure; 1/2pVZ, psf

Q

RN/L RN/L, RN unit Reynold's number; per m, per ft

SgF body flap reference area, in.Z2

Sg elevon reference area, in.?

SFD flipper door reference area, in.?

SSB speed braks reference ai=a, in.2

Sw wing reference area, ft.2

v velocity; m/sec, ft/sec

XBF/CB XBF/CB chordwise distance aft of body flap hinge line
as a fraction of body flap chord

XcG distance from orbiter nose (IML) to model moment
refereace center, in.

Xcp XCP/L model centeér of pressure location in the normal
fcrce directicn, relative to the model nose (IML),
in.

xe/Ce XE/CE chordwise distance aft of elevon hinge line as a
fraction of local elevon chord

xFD/CFD XF/CF chordwise distance aft of flipper door hinge line
as a fraction of local fliipper door chord

Xi,j,m,n transfer d stance from static vressure tap i, 1,

m or n to the correspondirny control suiface
hinge line, in,

24




NOMENCLATURE (Concluded)

PLOT

SYMBOL MNEMONIC DEFINITION

xr/CR XR/CR chordwise distance aft of rudder hinge line as a
fraction of local rudder chord

a ALPHA angle of attack, degrees

B BETA angle of éideslip, degrees

P PSI angle of yaw, degrees

[y PHI angle of roll, degrees

P mass density; kg/m3, slugs/ft3

NBF YBF/BB spanwise distance from body flap left edge as a
fraction of body flap span at hinge line

R ZR/BR spanwise distance from rudder bottom edge as a
fraction of rudder span on hinge line

Ny 2Y/BW distance from plane of symmetry as a fraction

of wing semi~span

25



REMARKS

After completion of the OAlLS5 test program, pressure data for all
three program phases were reviewed to determine what updating, corrections,
or substitutions would be necessary. The following defines for each
program phase those corrections that were deemed necessary and were made
to the final date prior to preparation of the final data tape for
Dataman. Updating and substitutions were applied only where known
deficiencies existed that would have severely compromised the fipal data.

PRESSURE DATA UPDATING FOR 118-1-11 (O0A1l45A)

Run 18 through 56:16

Deleted SV Portgsz
1 3, 4, 5, 8 through 11, 17, 18
3 18
K 2, 6, 24
9 19, 20

Applied Tap 127 éSV3-Port 13) Pressure to Tap 132 (SV3-Port 18)
"Tap 6 (SV6-Port 2) Pressure to Tap 7T (SV7-Port 2)

Tap 216 (SV7-Port 3) Pressure to Tap 219 (SV7-Port 6)

Tap 240 (SVB-Port 3) Pressure to Tap 207 (SV7-Port 2h)

Tap 403 (SV9-Port 18) Pressure to Tap 404 (SV9-Port 19)

Tap 403 (SV9-Port 18) Pressure to Tap 405 (SV9-Port 20)

Run 50:13 through 56:16

Replaced SVB CAL with SV9 CAL.

Run 60:1 through Th:ll

Deleted sV Portis
1 3, 5, 8 through 11, 17
4 2
T 6, 24
9 19, 20
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REMARKS (Continued)

Applied Tap 5 (SV5-Port 2) Pressure to Tap 4 (SVL-Port 2)
Tap 216 (SVT7-Port 3) Pressure to Tap 219 éSVY-Port 6)
Tap 240 (SV8-Port 3) Pressure to Tap 237 (SV7-Port 24)
Tap 403 (SV9-Port 18) Pressure to Tap 4OL (SV9-Port 17)
Tap 403 (SV9-Port 18) Pressure to Tap 405 (SV9-Port 19)

Run T6:1 through 272:9

Deleted sV Port! s )
1 3, 8, through 11, 17
T 6, 24
9 19, 20, 24

Applied Tap 216 (SV7-Port 3) Pressure to Tap 219 (SV7-Port 6)
Tap 240 (SV8-Port 3) Pressure to Tap 237 (SV7-Port 24)
Tap 403 (SV9-Port 18) Pressure to Tap 4O4 (SV9-Port 19)
Tap 403 (SV9-Port 18) Pressure to Tap 405 (SV9-Port 20)
Tap 408 (SV9-Port 23) Pressure to Tap 409 (SV9-Port 24)

Run 6T:1 through 341310

Replaced SV8 CAL with SV9 CAL

Run 185:1 through 272:9

Deleted - SV Port

1 5
Applied Tap 35 (SV1-Port 11) Pressure to Tap 25 (SV1-Port 5)

Run 27€:1 through 396:10

Deleted sV Portis
T , 2

9 19, 20, 2k
Applied Tap 216 §SV’(-Port 3) Pressure to Tap 219 (SV7-Port 6)
Tap 240 (SV8-Port 3) Pressure to Tap 237 (SVT-Port 24)
Tap 403 (SV9-Port 18) Pressure to Tap 4O4 (SV9-Port 19)

Tap 403 (SV9-Port 18) Pressure to Tap 405 (SV9-Port 20)
Tap 408 (SV9-Port 23) Pressure to Tap 409 (SV9-Port 2L)
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REMARKS (Continued) ‘

Run 370:1 through 38k

Deleted Své6 Port 2
Applied Tap 5 (SV5-Port 2) Pressure to Tap 6 (SV6-Port 2)

Run L403 through 918:10

Deleted SvT Ports 6 and 24

Applied Tap 216 (SV7-Port 2) Pressure to Tap 218 (SV7-Port 6)
Tap 240 (SV8-Port 3) Pressure to Tap 237 (SV7-Port 24)

Run 514 through 534:10

Deleted SV6 Port 2
Applied Taps (SV5-Port 2) Pressure to Tap 6 (SV6-Port 2)

Run 735 through 756:10

Deleted sve Port 7
Applied Tap 65 (SV1-Port 25) Pressure to Tap 75 (SV2-Port T)

Run 8T7h4 through 895:8

Deleted Sv2 Port T

Applied Tap 65 (SV1-Port 25) Pressure to Tap 75 (SV2-Port T)

PRESSURE DATA UPDATING FOR 118-1-97 (0A145B)

Run 156:7 through 337 (End of 5/4/TT running)

Deleted §! Port‘s!
3

7 24

Applied Tap 117 (SV3-Port 3) Pressure to Tap 122 (SV3-Port 8)
. Tap 240 (SV8-Port 3) Pressure to Tap 237 (SVT-Port 2h)

Run 340 through 391 (End of test)

Deleted SV Port
T 2k
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REMARKS (Continued)

Applied Tap 24O (SV8-Port 3) Pressure to Tap 237 (SV7-Port 24)
Pppgg for following runs is lost; substitute as follows:

For Run 228 Substitute Pg from Run 200 Seg., 6
For Run 229 Substitute Pg from Run 200 Seq. 18

PRESSURE DATA UPDATING FOR 118-1-87 (0A14k5C)

Run 13 through 97

Deleted sV Port(s)
3
7 24

Applied Tap 117 (SV3-Port 3) Pressure to Tap 122 (SV3-Port 8)
Tap 240 (SV8-Port 3) Pressure to Tap 237 (SV7-Port 24)

Run 82 through 96

Deleted sv8 Port 2

Applied Tap 7 (SV7-Port 2) Pressure to Tap 8 (SV8-Port 2)

Run 98 through 188

Deleted SVT Port 24
Applied Tap 240 (SV8-Port 3) Pressure to Tap 237 (SV7-Port 2k)

Run 100 through 188

Deleted Sv3 Port 8
Applied Tap 117 (SV3-Port 3) Pressure to Tap 122 (sv3-Port 8)

It should be noted that for the CAl4S5A program aerodynamic

coefficient data presented between freestream Mach numbers of about 0.98
and 1.07 may be suspect. Measured aerodynamic characteristics are
affected by tunnel wall blockage and/or reflected shock waves., Therefore,

data in this Mach range should be used with caution for diagnostic
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RFIMARKS (Continued)

analysis only. Review of the base pressure data for the 0A1L5C test
program revealed significant differences in PBASE between individual
pressure taps and are a result of response time problems associated with
Scanivalve stepping from the calibrate pressure Port #1 (high positive
pressure) to the adjacent (low negative value) base pressure Port #2,
on all Scanivalves. For base pressures measured on two adjacent ports,
i.e., CPpio and CPR)] on Scanivalve 11 the second pressure reads the
correct value of Ppagg. It was therefore concluded that only Port #2
on each Scanivalve, the base pressure tap, is in error. This anomaly.
was not discovered until after release of the final data tape to
Dataman.

Pressure data used for the DATAMAN integrations for control surface
hinge moments (documented as special request SPRTIF) were edited further
by DATAMAN to exclude taps designated by Rockwell as bad or suspect.

The following is a list of the pressure taps deleted by DATAMAN in

accordance with the integration request:

Tap No. Component Tap Location

132 Elevon Upper Surface nw = 0.8, Xe/Ce = 0.2
155 Elevon Lower Surface ny = 0.34, Xo/Ce = 0.6
209 Flipper Door Upper Surface ny = 0.534, Xg/Cp = 0.9
215 Flipper Door Upper Surface ny = 0.715, Xy/Cy = 0.9

219-221 Flipper Door Upper Surface ny = 0.887, all Xp/Cp

325 Body Flap Lower Surface centerline @ T. E.
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REMARKS (concluded)

Hinge moment data presented in this report are the on line integra-
tidn results from the test facility. Pressure data tabulated in volume

3 are also facility data.
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CONFIGURATIONS INVESTIGATED

The test article (provided by Rockwell) was a 0.05-scale model 39-0
defined by the VCT0-000002B configuration control drawing and fabricated
to the March 15, 1976 trajectory 14L1L.1C/C Numerical Control Lines.

The model was constructed primarily of 6061-T6 aluminum slloy and
Armco 17-4 stainless steel. The balance block, wing panels and elevons.
vertical tall and speed brakes, and body flap are the principal steel
components. The fuselage is all aluminum.

The model was tested in the above fixed configuration in all three
facilities. No model boundary layer trips were employed for any testing.
The only configuration variables were model orientation and control
surface deflection. The following range of control surface deflections
were tested and controlled remotely from the control room: Elevon
deflections of -35° to +20°, body flap deflections of -11.T7 to 22.5 and
-22.8 to +22.8 rudder deflection. Speed brake deflections of 0°. 7.5,
159, 25°, 40° 55°, 70° and 87.2° were set manually.

The following nomenclature was used to designate the model

components:
Component Definition

Brs OV102 fuselage including T-zero umbilical
panels, crew hatch, and cargo bay door gaps.

C16 Canopy including recessed windshields and

: observation windows.

Esh Elevons, including elevon/elevon and elevon/
fuselage gaps.

Fi6 Body flap.
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CORFIGURATIONS INVESTIGATED(Concluded)

Component Definition

FD3 Flipper doors.

FRyo Fairings for the forward cargo bay door
hinges, 6 per side.

HGy Cargo bay door hinges, 13 per side.

M52 s podé.

Ny08 Forward RCS thruster nozzle ports.

Ni09 Main propulsion system nozzles (imner
surfaces cut awey for sting clearance).

M0 MS nozzles.

N1 Aft RCS thruster nozzles and ports.

Rog Rudder, split into left and right speed
brake panels,

Voq Vertical tail.

VPio - Cargo bay vents, U4 per side.

VTi3 wing/landing gear bay vents, 1 per side.

VT2 Cabin vents, 1 per side.

V'l‘13 Forward RCS vents, 1 per side.

VT4 Aft fuselage vents, 1 per side.

VT5 MS RCS vents, 1 per side.

VT¢ Flipper door vents.

VTIT Miscellaneous vents, ports and penetrationms.

| Wy3 OV102 wing.

The above nomenclature is depicted in Figures 2a and 2b.

33




INSTRUMENTATION

The test was conducted with the following model instrumentation:

© =3 o

9.

4,0-inch Task MKIVA, 6-component internal balance.

Eleven Scanco S-type, U8-port Scanivalves for model
pressures. One Scanivalve for sting pressures.

36 wing and 97 elevon static pressure taps.

32 flipper door static pressures, 2L external, 8 internal
5 aft fuselage and 23 body flap static pressure taps.

9 vertical tail and 45 speed brake static pressure taps.
9 fuselage base and 2 balance cavity static pressure taps.

2 air data probe forward fuselage flush static pressure
taps.

20 sting static pressure taps.

Six model control surfaces were remotely actuated. Included were

the following instrumentation:

Hydraulic actuation systems for the four elevon panels
and the body flap.

Electric motor actuation system for the rudder.
Angular position pots for each of the control surfaces.

A model mounted hydraulic supply system, including pump,
and servo-control valves.

A model control console housing the electrical components
of the servo systems.

Force data for the orbiter was measured by a six-component balance,

sting mounted through the rear of the model. The primary balance for

this test was the ARC l-inch Task MKIVA and the backup balance was the

Task MK VI provided by Rockwell.
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INSTRUMENTATION (Continued)

The model was instrumented with a total of 280 static pressure taps.
These pressures were measured by eleven model mounted S-type Scanivalves
provided by Rockwell International.

The sting was instrumented with 20 static pressure taps, 10 each top
and bottom spaced every 2 inches aft of the base. These pressures were
measured by a single S-type Scanivalve mounted in the tunnel strut BOR,
The Scanivalve was provided by Rockwell International.

All pressure instrumentation electrical leads were supplied by
Rockwell International. ARC provided reference, calibrate, and backing
pressure tubes from their source to the aft end of the model. The
routing of all instrumentation leads was internal to the sting, except
for the sting static taps.

The 1ocations and tap identification numbers of all orifices are
shown in Tables III through VI and Figures 2¢ through 2h.

Tunnel wall static pressure, measured upstream of the test section,
was used as the reference pressure for all Scanivalves.

The four elevon panels and the body flapAwere remotely controlled
using & model mounted hydraulic servo control system. The hydraulic
system consisted of 1 H.P. AC motor, pump and reservoir, Moog Type 30
servovalves, and Oildyne Style A hydraulic cylinders. The electrical
components of the servo-system, the operational amplifiers and balancing
pots, were contained in a model control console located in the control

room.,
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INSTRUMENTATION (Concluded)

The rudder panels were remotely controlled using a Globe planetary
gear motor, Type 8L. An electrical servo system for the rudder, uti-
lizing a Moog amplifier, was built into the model control console.

Control surface angular position was read by rotary pots located as
closely as possible to each surface hingeline. The pots for the inboard
elevon panels and the body flap were 7/8-inch Beckman Helipots, model
6173 single turn, dusl element. The pots for the outboard elevons and
rudder panels were 1/2-1nch Markite Series BMOS pots, also single turn,
dual element.

The dual outputs from each‘pot allowed one output to be utilized as
the feedback element in the control servo loop, with the second output
being used to set control position and compute surface positions in the
data reduction program.

The model control console was operated manually. Unbalancing of the
servo to set a given control deflection was accomplished by manually
ad justing the Helipots on the control console. The position of each
control surface was read by separate digitai voltmeters mounted on the

console.
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TEST FACILITIES DESCRIPTION

Ames 11 x 11-Foot Transonic (@A145A)

The Ames 11 x 1ll-Foot Transonic Wind Tunnel is a variable density,
closed return, continuous flow type. This tunnel has an adjustable
nozzle (two flexible walls) and a slotted test section to permit tran-
sonic testing over a Mach number range continuously variable from O.4 to

ll u.

Ames 8 x T-Foot Supersonic (@#A145C)

The Ames 8 x T-Foot Supersonic Wind Tunnel is a closed-return,
variable-density tunnel with a 8- by 7-foot rectangular test section.
The nozzle has flexible side walls with fixed upper and lower surfaces.
Mach number range is continuously variable from 2.45 to 3.5. Tunnel
stagnation pressure can be varied from 0.3 to 2.0 atmospheres and

Reynold's number per foot varies from 1.0 x 109 to 5.0 x 106.

Ames 9 x T-Foot Supersonic (@$A145B)

The Ames 9 x T-Foot Supersonic Wind Tunnel is a vﬁriable density,
continuous flow type with an ad justable nozile to permit supersonic
testing over a Mach number range continuously variable from 1.5 to 2.5.
The nozzle is of the asymmetric, sliding-block type in which the varietion
of the test section Mach number is achieved by translating, in thg stream-
wise direction, the fixed-contour block that forms the floor of the

nozzle.
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DATA REDUCTION

Model force and moment data was reduced to coefficient form in both
body and stability axes systems. Moment data was reduced about a moment
reference center corresponding to 65% of the reference body length at
W.L, 375. Model angle of attack and sideslip were corrected for support
hardware deflections and tunnel flow angularity. Angle-of-attack flow
angularity was determined from upright and inverted model runs at the
beginning of the test. Standard facility corrections were applied as
required. All model pressure data was reduced to the pressure
coefficient form (P-Po)/q.

Six-component body axes data was computed from balance outputs with
axial force being adjusted for the differences between the average sting

cavity pressure and an average base pressure.

CA=CAU-CAC

vhere:
= - Ac
CAC . (CPCavg . cPBa,vg, ) Sw
cp _ Cpio +Cpn1
Cavg. >
C +C + C +C + C + C
CPpavg, = (Cp1 + Cpp + Cps + Cpg + Cp7 + Cp8)

6

Forebody axial force coefficients were computed by adjusting the base

pressure to freestreanm.

Cap = Cao - Cap
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DATA REDUCTION (Continued)

where:
9 1
Cap = -;-l 2 (cpg ABk) + (CPBavg. Ac)t
W
K=1

Center-of-pressure location of the model normal force was computed as a

ratio to the reference body length.

X C -
._CE = _l Leg - _mog
1B 1B CN

Stability axes coefficients Cj and Cp were computed from body axes
coefficients Cy and Cp. Model lift-to-drag ratio was then computed from
C1, and Cp.
/D = CL/Cp

Model control surface positions from the run schedule were input to
the controller manually, i.e., constant or variable values were input
depending on the sweep variable for the given run. Table look up values
of 8e¢. Opp, and 6j, based on calibration data, were stored in the data
reduction program and employed to determine control surface position
from the actual set values of controller voltéges input to the ARC
instrumentation system.

Model control surface hinge moments (on line data only) were computed
by the facility from control surface pressures using an area-moment arm

method as detailed below:

124 173
BEr =y () () G| - D By (ap (xp)
1=101 J=150
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DATA REDUCTION (Continued)

. HMEI
cI’[EI = ES?C-E-:
149 197
Beo = Y |2y (ap) ()] - S e @p )
1=125 J=1T7h
HMEO
Caro = Fraom

Inboard flipper door

212 - 236

BEr = > e (a0 0] - S [ey) (ag) (xp)
1=001 J=225

Chppr = _MFDI
aSFpCFD

Outboard flipper door

224 248

ByFpo = ZS [(Pi) (A1) (X1)] - ZS [(Pj) (a5) (xy)
1=213 3=237

Chppo = _MFDO_

aSFpCFD

Body flap hinge moments

/

307 325

e Y[R () )] - D [(ey) (a) Gyl
1=301 J=31h

Chgp . _MBF

aSpFCRF
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DATA REDUCTION (Continued)

where:

i

upper surface pressure tap numbers

3

lover surface pressure tap numbers

Speed brake hinge moments

436 , U5k
s = S [ () )] - D |(Ba) (An) (xa)
n=419 n=437
Chgp - MSB_
9SsBCSB
where:
m = outer surface pressure tap numbers
n = inner surface pressure tap numbers

Pressure coefficients judged to be incorrect were deleted and areas
reassigned by manual input to the on-line computer program. Final hinge
moment data were integrated by Dataman from plotted and smoothed pressure
coefficient data.

The following flow angularity corrections were applied to the final
datas

Qﬁlﬁéﬂ No flow angularity, blockage or wall corrections were
applied to the data obtained in the 11 ft. transonic facility.

OAl45B Flow angularity corrections based on comprehensive evalu-
ations of "TACT" (Transonic Aircraft Technology) program test data were
applied to the final data. These corrections represent large model values

above and beyond standard facility corrections.
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DATA REDUCTION (Continued)

0Al45C Standard facility flow angularity corrections were applied

to th

e data obtained in the 8 x T facility.

Reference dimensions and constants used were:

MODEL FULL

SYMBOL DESCRIPTION SCALE  SCALE
Sy Wing reference area, £t.2 6.725 2690.
by, Wing reference span, in. 46.834 936.68
Cy Wing reference MAC, in. 23,740 L7h .81
MRC Moment Reference Center

X, in. 53.834 1076.68

Y, in. 2.0 0.0

Z, in. 18.75 375.0
Xca Length, nose IML to MRC, in. 41.934 838.68
1B Body reference Length, in. 64,515 1290.3
Sp Elevon reference area, in.2 75.60 30240,
Cg Elevon reference chord, in. 4,535 90.7
Swp Flipper door reference area, in.o 75.60  302L40,
cFp Flipper door reference chord, in 4. 535 9.7
SgF Body flap reference area, in.2 ‘ 48.60  194ko.
CRF Body flap reference chord, in. k.050 81.0
Sgp Speed brake reference area, in.2 36.05  1hk421.6
cgp Speed brake reference chord, in. 3,660 73.2
Ag Base sting cavity area, £t.° 0.1963
Ay Base area, Tap 1, ft.© | 0.0587
Ao Base area, Tap 2, ft.2 0.0824
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Base
Base
Base
Base
Base
Base

Base

area,

aresa,

area,

area,

area,

area,

area,

DATA REDUCTION (Concluded)

Tap 3,
Tap k4,
Tap 5,
Tap 6,
Tep T,
Tap 8,

Tap 9,
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MODEL
SCALE

0.0467
0.0553
0.07T2
0.1146
0.1798
0.0860

0.1950

FULL
SCALE
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TABLE I,

TEST ¢

OAl4SA, B, C

TEST CONDITIONS

DATE ¢

MACH NUMBER

REYNOLDS NUMBER
(per unit length)x 10

DYNAMIC PRESSURE
(pounds/sq. inch)

STAGNATION TEMPERATURE
(degrees Fahrenheit)

0.6

5.0, 3.0, 9.0

0.8

0.9

0.95

1.05

1.10

1.20

1.30

1.k0

1.55

k.o

2.0

1.5, 3.5, k.5

2.5

2.5, 3.25, 3.5,4.0

3.0

1.0, 2.5

3.5

2.5

E

BALANCE UTILIZED:

NF
SF
AF
PM
RM
YM

COMMENTS:

4 INCH TASK MKIVA

CAPACITY:

6000/6000 LBS

3000/3000 LBS
2500 LBS

16000 IN-1B

COEFFICIENT
ACCURACY: TOLERANCE:
O¢ zé *
11}
0.2%
—0.5%

Accuracy applies to maximum gage capacity.
*Coefficient tolerance based on root sum square of forward and aft gages,

tolerance quoted for range of Mach number tested.

See Table VIII.

¢

45



mo @) ()

AN L Py G
4YN-DASW-VSYN FY P%M“V\Nk SZLONVFT o

,S3TNAa3mds
L AR A AN I I Py ey TRV LR
ACN 121 mv T rosw I LN31D1343002 'V O _\ I/ &l Ql.lA »
J1114I1ﬂ|144d4«<4.-#*-444—<..-«q1<i-®@<%
CYREYS L9 ] SS 6y 44 LE V€ ET4 61 [ 3 b
4 F: L1 Al | o [2-01 ;) ~
a z g ¢ ¢-|0p (0! a0
o 2t S- O |Q01]  5437mS 8 R SO
ol ) ohl olsE[ ol ola a0 (Tmervdwy "§|ho0D7Y
(SNsZ W] HITIN 7
}
1
i :
7TGol €1t T -
1097179757 | ! EX , ¢o |
[si{29/1991F 0! 7o |
SSI $977 797 0 h[O1sE| O O O[S (Fb = tva) P [To00lY
S2] 0X(E5T] I N 15777 R EL ] K2 A -1 B N PEYPIYeE:
SHIBWAN HOYW : o N 135 vivo
" 31vG AGVYIARAS NUILY 1100 438WNAN NNY 135S VLVa CEIT-LE0WEGhp: 1531

AIVWWIS NOILVTIOD N¥/IIS VIVA ~"II H19VL




) W

JYW-D4SW-YSYN

47

\ / yi [ L Wi £ \ VAR | $3TN93NIS
o872 7T AT T T b g Lo e gl =con)p © "
J‘~<-4<4 rYryYryjyrryry|rryryyyryryryyrrryrryrrryryyrrryyrryrrrryyyrrrreryrveyyrrryy vy v Ty
9 53¢ 3 {3 SS [514 |34 LE X3 Y4 61 (Y L i
Th/ f I rve X 7
b/ | 7 27
OF7 S°] ol I7
L8l 1 o 01
20/ AR Ll
b7 Sh o3l <394 39 % |
o] hBT Sk ¥l N L
NE R [0 T |~
|3 951 [25] Y|s Sl
ol - UKL . 7|23 all
of¥ ] X3 o cT
o (Ll A WiEL zi
0 gL 1 [YAlL R I
° | &) A ha \J;thw,alﬂ.m\ﬂ'i -
° oL ] ] YT Az ool o
. 1GL! o'hl oles Ao O] (652 94%) 20087y
G 0X G L EAIREIEES N R KA IR N T
SUITWNAN HOYW . ~ 135S vivo
T3Lva AJYWANS NOTLY 100 33GWNN NNY- L3S viva Q\Tm\%ww&\mﬂy\t@“ 1531
(ponuriuo)d) ZYVWWAS NOIIVIIOD NA¥/IAS VIV *II FT14vVL



.

dYN-DJSW-VSYN

[} 3 Y 2 abxslw.\-ﬁl = l...d?uunﬂslueﬂl -Wﬂl.-OFlumma” ABOW $37NG3IAOS
0t 51075 & O 51— Tz~ g g = (w)7€ ° ™ °
M AR IRARAREAAASAS RARRRE AR ses na s L EEEE A A AL
9L 3¢ 9 i3 Ss 6v Ev LE tE 4 61 €4 3 '
24 | IEYCL ‘ A &
Q\N G- Gl \_um.
o prz arf 1ol &t
o ¢z [ o \\m
. [z s-{1]of 9
o 2lz o[ T]oi 3
. &9z SNE N¢
u JAZA CRIME ce |
dE oz Y [z[ol . ¥z | °
2L |o%L g [2]0 8 ~T ig
o|: poz Viz| 5 ‘449 nMprI30¢
o|* ¢aZ ol {oly [
9 zaz o!~|0o | 9T
’ |02 v (0102 [/
' 007 g [olsl a7 |~
o I 1Zeg LA/ | g |o|ol sSIVIGT
ol | YA £ 01551010 [ 9 [0|5[7352 ~jAn3|fzobsy
G2 0G5 N T LE7/2) RT3 et K -1 ) I PP
SUITWNAN HOVYW . 43S vivO
. 3LvQ AGVINANS NOILY 77100 338WNN NNY - L3S V1iva A%\\'Nm»uw&wmm‘iv\\v," 1531
(PPNUTIUOD) AYVIWW S NOILVTIOD NO¥/IAS VIVA “IT 7T5vI

I

48




) Swe

AYW-DJSW-YSYN FTGHTIHAY LN HLYT v*

= an%mugowx%
AQN  {Zi 2eAl NS Vel SLIN31D14d43 m N Oa—‘ﬂN‘1 = .ml “ﬁ.(v* g mo®
1~<1<1J,— 444*4—1«<dq~<-444-q4q<<<-<<-dd4l<dd*.q-qqﬂqqﬂ*qﬂ«ql-\<<—,-11<<i~.<4-w*
9L 3¢ <9 13 SS ov £v LE € Y4 61 el L |
2L e]0¢T gloel=zlo L&
€< S o alol A5
bz ARLE sS
X3 ¥V lo-]] ]9 he
L7z glolf]]ol ¢S
ate d {0~ |0 2.5
. \NW ¥ | ol S s
: P17 oloi-{|]|S 05
2 277 d {07 X bh -
o3 Y44 o~ | [# £h
’ 027 Y Sl Lh
ol* PEEl &Y ERIREL 2
17
bIT HE 1| ¥
oLe! |2z [=3 A hh
RN i Y G ¢h
0 ILE Eﬁ gl ol ssaN|2h
¥FA SE[O[SS| Oy [0 o) 733 Agea1y| Jhobzs
G’ O27esY | | IR EI N BES ‘.wlm.l P . M3141LNIAN
SHIEWNN HOYW : NOILYafSIaNGS 135 vivo
T AAVARNS NOILY 170D ¥38WNN NNA-13S V1Va (ST-L590 a5 hdp: 1531

(PANUTIUC)) XIVWWNS NOILVTIOO NNY¥/IAS VIVAd ‘II AT9VL

49



" S .

JYW-D3SW-YSYN

——
—

Z2-"6-0M = (g)PQ5371703m3s
AGN  (Z) BVACH (1) HYAGH OTI nWT aﬁ/l -“.NNI..“A.(V*W g wo o

Jd‘d\ﬂiﬂ—<4ﬁ<4-<-~«<¢44-ﬂ4--<d<<4qq~‘<<-‘—q1qqq<ﬁ14<!~Q~d<1-‘4444-.d-ﬁ4

9L 34 L9 i3 S8 6v (34 LE 1€ sz 61 €1 < '

f )

50

P Lzg oA Y I a0’ . g =
: 0PZ NS Y15l 99
ol ILel Fez G- Y107 9
- 3¢2 5- VA E] . ho
: SoLE sz A Z [0l )
¢ a¢2| g 05 29
. 7LE 55T ¥ old! |9
. ?mﬂw g als ssIN 109
o slel ¢¢r Stls-less| ol ol O ¥ |- 33993 y3eeny| hSobry
G2 0Z|as T M AIEES R RS
SHITWAN HOYW NOlLvanDidNG 135 viv0
31va AYYHINS NOILY 110 §38WNN NNA/ L3S VLVQ (8il-L6~)2 )G hibicps 1531

(PNUTIUOCD) XYVWWNS NOIIVIIOD NM/IdS vIva “II d79vVIL




JYW-D4SW-YSYN

ACN

2, =v 2 [ S - A

Lo

.Vvv m“iM%”ww
8- L _Tupéxw

“\H‘dd<<q 444}4<~1<<-ﬁ<<4-«qq<—1«1#41——-qqu—ﬂn14-411114-11*1-ddidd*ﬁd}.«qdi

SAIEWNN HOVYW

122|377 T o F (v f L
5 ok|Lrz LI [se-] TV svw— wod AT
, 972 77 y , Tr
Shz £ 9 Y 70
\V}N PS\. *\ ‘ N\
£hz g! ol
bef|zhz] 01 bo

a3 SELOISSIH oo [olS] 377 w~dFwg D] goohty

Gzl oxles | IR N RIER 3O o Y

2 31vd

AVARNS NOILY TT00 33GWNN NNY- L3S viva

(EIT-LEIWIRGHIHD: 1531

(PPNUTIUO)) XIVWRAS NOILLVIIOO NN¥/IdS VIVC °II T14VI

51



I e ‘ .

JYN-DJSW-VSYN

S3INJTINHDS
g o ©
ACN (2, 2uACH (REN=1 ol SIN31D14430D .
?4*44—144-«—<-4%-—-.-q«<-<<-—-1-._qq<<.<<<<J‘~.--<<<—<4<11—.-.<-
9L 3¢ 9 i3 SS oY EV LE LE Y4 64 [ L }
1
: | 82 HERE! NENEIL , 7S
z
}MM 3 L 7%
. gl Y 010! | [®
26 g 0lS 08
P [ L¢120¢ o G0 el |
Los|blel 3 taki [c |
Y 3 H o i .
° GOE |SLE Lelaio| 2l ol oloiyl (.0-95€) b laichzg
GOl Q2S5 | | HA35] 2E197G12001v S T30 9]0 — 8313 L9300
SYIGWNN HOYW - NOTLY G I DIINGT 135S vivo
~11va AYYIWANS NOILY 7700 ¥38WAN NNY 135 V1iva (STT-L5 )0 )G Hudb: 1531

(PoNITIN0D) AYVWWAS NOILVIIO0 NOY, IdS vIVA °II d19VI

52




) W

dYN-DJSW-YSYN

—

S3TNA3INDS
AQN (2] HYACH ) dvAag) SIN312144303 g mow
‘Nddd(ﬂ—44dd<~<q<-d—-<q-——<-<q4—1141——dqqqdqﬂﬂqW*qdqnﬂqqqnd1-‘,-444\«—.-<—ﬁ4
9L 3¢ L9 {3 SS (34 £v L€ (43 T4 61 (29 L ]
, ¥ | .»
b2 o A X AL 42
) 59T S- 4 |sl Ly
wmm G- y|of Ib
9 5= ¥z b | =
3 057 174 z 107 hb
m . 52 g a |5t ¢t -
’|3 £S719¢2 < 0 o! 17
5 LST d E] (b
P £67(292 G~ oYy Qb
9z y e b
* HhsZ1492
877 Y10 53
. /
o 52|92 . ..« m m@
sT]o9Z: selo |5zl el ol afoly] (.57 =923)9[a%el7y
Sl 0Zles | 3| FEIF7E|FE [T | o0 831411301
SHIIWNN HOVW NOILYaRDIdNGD 135 viva
3L AGVWRNS NOILY 1100 338WNN NNA/ L3S YLVQ A%:,E-%q\mm&t&" 1531

(PonuTIU0)) XIVWWNS NOILVTION NOY/13S VIVA °“II AT9vVL



) S . .

dYW-DJSW-YSYN

$37N03INDS
§ wo o

ACN  1Z] 2VACH YR et SiN3IDII430D

L A0 2 B § LR B J
A‘lH 1—4 ldxqﬂqdqux—ddqq—«dqqqd—ﬂddﬂq—--dd-14-q—1<4-4--111«‘-4414#.14*«1

54

: X | G- I 7l LV =
3 w\\m Y/ Z [o! 9y
; i g a [s! Y|
g S/e 9/ v ¢ 1ol | Y
L7% I olg <y
¢Is<7s 5 o4 2y
prelete ! Yol 14
.N\m |2¢] ! Ak oY |
/E]o2¢: sciglorlolol oo Oh =gy b
\ﬂm\N AQNAM.-IQQ M ! Em\m% V\WNQNMJUNW = QW .{ AO . U aw.mqu JNM
SYIBWON HOVW : NOILvenDIdNG 135 vive
31V AGVIRNS NOILY 7700 §3GWAN NNY 13 YLYQ (&IT-L5-79)AChud: 1531

(PenuTiU0)) RIVWWAS NOIIVTIIOD NOY/13S VIVAd °IT FT9VL




) SWC

dYN-D4SW-YSYN

ANCN

(2] ¥ ACH

) devAl)

S37nA03nNDS

SiN31214430D3

g 50 o

*hﬁ(‘ld—

44444—<q<-d‘—-1-«#-q<~<q<<-—‘#<-4«<<<.~—1<<11q-<<<d~<<d‘<—.~<q<1

2 |
L% ) (v I
3 mww Ty Z|o! 59
w p 9 O (6} p
g bbZ| C0% o AL m%.
| O d olg .4
AR G 0 K
[ §bz] &% y1al 09
Az] S0l Ak o ]
A3 selolollo ol ool (or = 75%) P Gyobzy
I3 WA EH 2 S R N R RIS N e

SYIIWNN HO VYW

13S vivo

. 31v@

AAVIANNS NOILVYTTI0D 438WNN NNY- L3S Viva

(ST-LE- 79 )FGhod: 1531

(PenuT31UO0)) XYVWWAS NOILVTIOD NMY/13s vivd

*II I19VL

55



») e ‘

JYW-DJSW-YSYN

S3ITNGIRNDS
§ wo o
ACN  {2) 2HvACH HENCE Pu¥el SIN3IDi4430D
M A AR AR AR SR AR AR RS RS AR EARRes Aas s
9 3¢ 9 i3 5SS or |3 LE (%3 Y4 61 €l 3 }
oh2 ) PR 1R ool A QQ A
¥or4 G- i |g! Lo
. b8t S- ¥]ol ‘2]
. Hoz G- YE L L
w BT v 2ol %)
: FLT g BIEL 5=
o] 3 AT|LLz v/ oo no
s p {or d olg g2 l
ol* rlelsez G- Il %
o3z , Y |5 E
. 412 352 ) 10D
i [3T LS g
° Clz{297! | VALY, 39
o ZLT| 152! | sElotlélofotl ofolyl (28 n@rwqmww N\@ QU@
\ﬁ\U\N nqu.\ﬁm.mu‘;\ w \.H\m% V\Whﬁw‘-; MQ-W \J\JW WI.W » NOLYE D 4N H314:159301
SYITWNN HOYW - 135S vivo
—T7e AMYWANS NOILY 1700 3§39WNN NNY L3S VLva TEIT-Lh- R @GRy 153

(penuTiuoc)) ZYVWWNS NOILVTIOD NMY/IAS VIVA °II 419Vl

56




Y W

JYN-D4SW-YSVYN

$3T7NC3INDS
g wo o

AGN (2] "gvACH (L) SvATi SIN3IISI4430D .

1h4<4ﬂ<~ 1-444—-<-—-<<q<~q1lﬂ-d<~4<-~1-ﬁ~m-41«ﬂ11-<-\-41-—‘-Jqqq—x.-quﬂ

fhE S| T 7 V|01 Z N 3
Sh¢ 5- T v]ol E |
m 25¢ ] £y 01 03
> /S¢ VI Aol 99g8/5S [0 [~
EhE EINBEUIIE . W
; zhe LT 1o T it |
: Y SM T T TT¥ | %
Oh¢ LI Ol-1 11V SC
05¢ A [ o[ {Tor rC
i bhe 1221 o] o o0
ghel ¢ glllo] 395/38 [i¢
PEL S F O[SG LI O] g olo|apmave 9o | ¢obZy
G 07)G57 S N iR IRS
SHIBWNN HOYW . NOILyuADIINOS 135 viwo
- 3LVQ AYYHINNS NOILY 170D 439WNN NNY-13S V1va A%:aNmb.v.,\\Q @m$\¢\v. 1831

(penurluc)) ZIVWWAS NOILVTIIOD NNM/IAS VIVA °*II 19Vl

° e |



ny .

" @
4YN-D4SW-YSYN 2 As ~0 «_( «N.\ ﬂﬂ>.vdw . . NE Yo awmo =YX .
P LA O R L. G
TS u«»n&.\. ﬁ.ﬂ.aiﬁd\l. b— HAQ.V MW‘U% SIN31D144300 N4 902~ "h- "fﬁu xx@% e |
M AR A AR AN SARSRSRARERE EASEE S nas sy m s St L
9¢ 3¢ <9 3 S3 (514 [ 34 LE ¥3 Y4 61 € 3 §
L9¢ s~ g} IR A N
P K] - ] @
Gag ol g - 7
: h% 9 [s- E 9
E ¢og @l s = 04
w 29¢ d| o Al = My [
u Jo¢ G- a | | - LEl
09¢ ' G | D - 3
Fm.m & 9 r 33
L 1ps¢E alg- - 53
Ls¢! > & _ I WINIgIFI QWA
9GE:! mmm O | S F O[55[ 0| o[ = [o]ol|Wiar G/TINE[CT OlZY
G XeSY VIS URONU G YT G IR IZaT I g |20 | g ] o Ot ivaroiane.  |#3taiina0l
SYIBWNN HOVYW ’ 13S vieq
" 3Lva AYYIRNS NUILY TT0D 33EWNN NNY- L3S YLYa A%:-@»ﬁ&kwmﬁ\\? 1931

(PenuTiU0)) XIVHWAS NOILVTIOD NN¥/IdS VIVAd “II ATgVL

]




) W

dYN-D4SW-YSYN

FTEHGTVYAE LON Y LY T K

S37MNgd3ImDS
§ w0 ©
ACN (Z) Y ACI (b 5w AT SiIN3IIDIIII0D .
<~<<<<|<—.J14u.-1ﬁ<«qq4....—dqq.q_<<<.-.ﬂ..-_.44..—.<44‘q-.4<ﬁ4q4<q<q.<44|4|1|
9L 3¢ L9 \3 SS (-3 [ 34 LE 1€ Y4 61 €l L ]
T stlo[} ool ]c]o ho
- I IPlol [ Tolololde cH [~
2 tec SE|O ololql=z[0 75
| Ge se| 0 ols|oloM 12
ol Ace Sel @ ojg o ool Y
. Qit Z2-joh Y ola]cTele b2
ahs BEERIEI IR &d
s £56¢ 0l ol olylol %
(174 | CfQlelz|d E
756 seloisslololooikl] sany Lv3d3d ¥[G4 05TY
G2 0G5 I 52 R 3 B e S A 1 B S T
SHIEWNN HOYW : ' - 135 viva
31vd AYYIWRNS NOILY 17100 33EWAN NNY/13S vLva (ZIT-LE-090 )@Ghitp: 1531

(PenUTIU0)) XIVWWAS NOIIVTIOD NN¥/13S VIVAd ~*II A1I9VL

59



-£1d0 {1dd

9@-1IV  dI-T1IV  99-ATH

d

NQIIIV NPATTH

(penutjuo))

9%¢dD

q4I-ATd
T1/d0X
NOATTH

Td0

KIVAWNOS

£%2d0
THId
J3aanyg
a/1
N@ATIV

NXO

aoeJang aoaddp delq Lpog

9oejang aadd) woadTd PIrOQINQ

aoejyang aaddg uoadfg pireoqul

aoejang aoddp aooq I9ddIT4d PiIrOGINQ

oejang aaddn aooq aaddyld paroquy

20BJING I9MOT UOAITH PIeOqIng

20BJINg I3MOT UOAdTH paeoqul

d

josele( 2aINssald 10J IITITIUSPT I9I0BIBRYD YIInoj

0%24d0
aTad

AJ4ads

9SHO

LETdD

TTdd

dv14ad

ovO

J4HD

WID

%£2dd
Td-ATH
NPATIV

avo

IQ4HD

an

¢ SLNINOAWOD VIVA TdNSSTAd

T€2dd
Pa-ATd
NPAZTE

0
$QIHD

10

8¢

¢dd

6¢Tdo

IT-ATHd  @1-ATH

VHdTV/V13d
N ANOD
IdHO @HEHD
i VO NO

v

g |

BlEBQ 29104 I03J POIITIUSPT I930BABYD ISITJ

NOIIVTIOO NN¥/13S vViIvVd

*II d149Vd

$SHTNAIHOS INHIOIJAT0D

o
O




*(@A0Qe g 9INPaYOs) Jewlrog

30103 uf pojuasaid ST BIEP JUSEOTJIO00 2anssaad (90BJANS 19MOT I00p I3dAYT3I) 9400 USASTY 230N

aoezang aaddp 8urag 6
aoejang i9moT 3urlg 8

sseqg 1931910 9
3oeJang iauuj i1appny e
20BJANG A23INQ IIppny M

aoejang xamol delg Apog I

(PPPNTOUO)) XAVWWAS NOILVTIOO NN¥/LAS VIVA °*II d14VL

61




m i a%vd |
L6T 961 | | PI9OQIN0
g61 76T 61 261 6T | 06 i 096°0
061 6gT 88T eqs 9gT | 08 m . Lgg*o
42) 181 €91 281 81 | ol 69 | 89 Lg 99 008°0 |
ogt 6Lt <Yhs Lt 9L1 | 09 . 4 JRd0) "
?8pa
Gl L1 dep pIwoqing
L2
ELT 2Ll dep pawoqul
19As oLt 691 89T Lot 0$ ¢19°0
991 69t 791 15014 29t on 6t gt LE 9t #€6°0
T9T 091 6St gst LSt ot L2no
9S1 1441 7St 1194 2stT o2 oqE‘o
16T 0S$T #8pd preoquy
Tp/ax svwzang Ian0] AD/MY 30wpIng Jeo]
—oPpa
641 gyt nt pI90QINg
Al et L L1 €Nt N1 <] 096°0
™wt ont 6T get e (9% 1gg°0
9tT 14¢ #e 1331 2t %9 19 €9 29 19 008°0
TeT ot1 621 g2t L2t (44 4 IR
o3pg
9t %41 dep preoqin0
*8vq
%21 (%4 dep preoqul
=t et o 611 g1t 4 §19°0
Fhgs 911 (994 11 139% 4 S 19 139 2t 1t 4€6°C
u 1Tt ott 601 gct 4 L2y-o
Lot 9CcT Sot 70T £ot 18 oNE*o
2ct 101 a8pg pIwoqul
C00°T | 008°C ! 009°0 | OO®°0 | 0020 | OCT°C ! OCTI"C- 9°65€1°x1055°0 | och'o ! og2*0 | 0§1*0 | L ~ wOF3IB0T
I " Tdp/ax adegamg zeddp Mo/MxX @ovzang xaddn asTawedg

i

SNOILVOOT dVl TMNSSId NOATTI (NV DNIM

*III TIEVL

62




TABLE IV, FLIPPER DOOR PRESSURE TAP LOCATIONS

SPANWISE LOCATION UPPER SURFACE Xgp/CFD
WING 7 0.10 0.50 0.90
0.340 201 202 203
0.k27 204 205 206
0.534 207 208 209
0.615 . 210 211 212
0.715 213 214 215
0.800 216 217 218
0.887 219 220 221
0.960 222 223 224
INTERNAL CAVITY Xrp/CFD
0.10 0.50 0.90
0.340 225
o.k27 228
0.53h 231
0.615 234
0.715 237
0.800 240
0.887 243
0.960 - 246
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TABLE V. BODY FLAP |PRESSURE TAP LOCATIONS

SPANWISE LOCATION UPPER SURFACE Xgr/CEF

m =7y/b at Hingeline -0.20 | 0.20 0.60 1.00
0.10 (L.H. Side) 301 302 . 303
0.20 304 |

0.35

0.50 (Yo = 0) | 305 306 307
0.80 (R.H. Side) 308

LOWER SURFACE Xgp/CEF

0.10 (L.H. Side) 309 31k 315 316
0.20 310 317 318 319
0.35 311 320 321 322
0.50 (Yo = 0) 312 323 324 325
0.8 (R.H. Side) 313 326 327 328
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TABLE VI. SPEED BRAKE PRESSURE TAP LOCATIONS

SPANWISE LOCATION OUTER SURFACE (L.H.) Xg/Cr
. M = y/b at HINGELINE | -0.20 0.20 | 0.60 0.80 1.00
0.10 (BoTTM) ko1 410 411
0.20 ko2 2 413 L1k
0.30 403 k15 416 417
0.Lko Lok 418 419 420
0.50 ko5 k21 k22 423
0.60 406 42k L2s5 426
0.70 LoT W27 428 429
0.80 ko8 430 431 432
0.90 L09 433 L3k 435
1.03 (TOP) 436

INSIDE SURFACE (L.H.) Xg/Cr

0.10 (BOTTM) 437 438

0.20 439 W) Lk
0.30

0.40 Lh2 ki3 Lihk
0.50 Lu5 Lu6 Y
0.60 _

0.70 LL48 g 450
0.80 \

0.90 451 452 1453
1.03 (ToP) Lsh
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TABLE VII. AIR DATA PROBE AND STING
PRESSURE TAP LOCATIONS

~ AIR DATA PROBE PRESSURES

L.H. SIDE AT X, 291.67, Zo 320.46 12

R.H. SIDE AT X, 291.67, Zg 320.46 | 13

STING PRESSURES

DISTANCE FROM MODEL BASE ~ UPPER LOWER
STATION - INCHES STING STING
, 0 501 511
: 2 502 512
‘ 4 503 513
6 504 514
8 505 515
2 10 506 516
; 12 507 517
! 14 508 518
; 16 509 519
: 18 510 520
s
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TABLE VIII.

COEFFICIENT

.6

#0.009600
$0.002800
$0.004800
$0.000580
¥5.001100

+5.000385

MACH NUMBER

67

1.2
%0.006100
¥0.001700
¥0.003000
¥0.003700
+
+0.000700

*0.000240

COEFFICIENT TOLERANCES FOR THE 4-INCH TASK MKIVA BATANCE

3.5
$.017100
¥0.005000
$0.008500
$5.001050
¥0.002000

+5.000690
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Positive Aero Forces. Hinge
Deflection of Angle and Moments Moment
Rudder, Sr +8 , -¢ +Cy 'Cn .Chr
Elevon, 8e -, -0 -Cp “(“e

Right, & - - -C

g eR ¢ C! heR

Left, SeL +d +C, 'CheL
Aileron, 83 +¢ +Cy
Body Flap, Opf -a , - -Cp “Chpe

Control Surface Deflections

Figure 1.

Continued.
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49.30 \ _
98.6° Maximum
S/B Deflection

0° Maximum
Combineg Deflection

Verticﬁl gtabilizeT
Reference Flane

[____——
k

d. Rudder/Speed Brake Deflections
Figure 1. Continued.
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—Flipper Door
Xo
1369.6

ELEVON DEFLECTIORS

BODY FLAP DEFLECTIONS

e. Elevon and Body Flap Deflections
Figure 1. Concluded.
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paAd

Surface

Bottom

n = Y/o

X/Car

.10

.35 .20

.50

.80

1.00

L pajsudreaq sdy] sdosjang Iaddp

advgang aaddp

Uuo 83INsB8aIL] S88Y

auy] sBuiy 3® uedg = q

Continued.

Body Flap Pressure Tap locations
Figure 2.

e.
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Tap 1 is on the heat shield
under the MPS nozzle.

Tap 3 is in the OMS nozzle.

Base Pressure Tap Locations

Figure 2.

Concluded.
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TAP woPo, in. B.P. in. Area,ftz
1 489 0 23.48
2 k69 kg 32.96
3 505 90 18.68
b k39 111 22.12
5 428 99 30.88
¢ B8
7 305 11 .
8 303 0 34 .40
9 k71 130 78.00
10 390 60 78.52
11 390 -60

§36.80
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TEST: OAl45&
MODEL: 39-0
SCALE: 0.05
FACILITY: ARC 9x7

# BASE DETAIL
STING ENTRY

b. Model Installed in 9 x T Foot Test Section with Base Detail (OAthB)
Figure 3. Concluded.
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APPENDIX

PRESSURE DATA - MICROFICHE

Due to the limited distribution of Volume 3 of this data report,
tabulated pressure data are available on request from Data
Management Services
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